We have calculated the 1 + and 3 + , T=0 states in 14 N and 10 B . In a neutron-proton RPA model these two nuclei are described by the same set of equations. We first show that a bare Minnesota interaction leads to too weak binding in both nuclei. Furthermore it does not produce a 3 + ground state in 10 B as it should. Including medium effects as an exchange of phonons between the neutron-proton pair cures the desagreement in 14 N but still gives a 1 + ground state in 10 B with the 3 + as an excited state. The same study with a Gogny effective interaction reproduces nicely the properties of both nuclei: same agreement in 14 N as previously when medium effeccts were introduced but now the 3 + in 10 B becomes the ground state. This success suggests that through its density dependent term the Gogny interaction takes account of the presence of a three-body force which, in a shell model calculation, has been shown to be essential to give a 3 + ground state in 10 B .
I. INTRODUCTION.
The T=0 neutron-proton pairing correlations in N=Z nuclei have motivated a number of theoretical and experimental works. In odd-odd N=Z nuclei, T=0 and T=1 states are both present so that they offer a good place to make a comparative study of the two types of correlations. We have focused our attention on the two odd-odd nuclei of 10 B (N=Z=5) and 14 N (N=Z=7) for several reasons. First 14 N and 10 B have a 1 + , T=0 and a 3 + T=0 ground states respectively while the 0 + , T=1 states are excited states and therefore suggesting stronger correlations in the T=0 channel. Furthermore because of charge invariance of the nucleon-nucleon interaction, the neutron-proton and neutron-neutron effective interactions should be the same in the T=1 channel. Therefore an effective interaction and a nuclear model able to explain the 0 + , T=1 states in a core plus two neutrons system (like 14 C ) should also describe well the same T=1 states in the core plus a neutron-proton pair (like 14 N ).
We have then an opportunity to make a further test of our previous work in collaboration with J.C. Pacheco on N=8 nuclei [1] . With the Gogny effective interaction [2, 3] or its zero range density dependent substitute [4] , and in a two-neutron RPA model we were able to reproduce the 0 + states of 14 C -10 C, 12 Be- 8 Be and 11 Li-7 Li. The nucleus 14 N ( 10 B) described as a core of 12 C plus (minus) a neutron-proton pair is the analog of 14 C ( 10 C) described as a core of 12 C plus (minus) a neutron-neutron pair and our first aim is to check if the same interactions and the same RPA model where the two-neutron pair is replaced by a neutron-proton pair, will lead also to a good description of the 0 + states in 14 N and 10 B .
In the two-nucleon RPA model, successful in the description of the T=1 states, we calculate the T=0, 1 + and 3 + states in 14 N and 10 B . First we perform the calculation with a simple zero range force fitted to reproduce the deuteron binding energy. The results obtained with this simple potential show a too weak binding. Because a zero range force is a crude simplification of a realistic one, we have made the same calculation with the Minnesota bare interaction [5] which has one short range component, two long range components and all exchange terms. The results are very close to the previous ones and show again a lack of binding. It is not surprising that bare interactions could not describe well bound many-body systems for which we know that medium effects are important. Medium effects on the bare nucleon-nucleon interaction may arise, at least partly, from the exchange of phonons between the two-nucleon pair. Indeed strong two-body correlations in nuclei manifest themselves as very collective vibrationnal states at low excitation energies. These vibrations, or phonons, may be exchanged between the two nucleons and induce a modification of the nuclear interaction. The presence of these phonons, besides their effect on the nuclear two-body force, has an other manifestation by modifying the average interaction of a single nucleon with the core due to the coupling between the nucleon and the phonons of the core. Such couplings modify the Hartree-Fock average potential and are so strong in nuclei like 11 Be and 10 Li that they are, at least partly, responsible for the inversion of the 1/2 + and 1/2 − states [6, 7, 8] .
Both effects, on the two-nucleon force and on the nucleon-core interaction will be included in our two-particle RPA model for the description of 14 N and 10 B .
The spectra obtained in 14 N and 10 B will be compared to those derived with the phenomenological T=0 Gogny effective interaction [2, 3] . From this comparison and comparison with shell model calculations [9] using two-body and three-body interactions, we will try to understand better what is implicitly contained in this empirical force.
In section II we present briefly the two-particle RPA model applied to a neutron-proton pair and precise our choice of single neutron and proton basis and our choice of two-body interactions. In section III we first present the results for the 0 + , T=1 states. Then we show the results obtained for the T=0 states with the two bare nucleon-nucleon interactions and discuss the contribution of phonon exchanges between the neutron-proton pair. Then we make the same study with the effective Gogny interaction. Comparing our results with those of shell model calculations we can give a qualitative interpretation of the medium effects contained in this very successful effective interaction. Section IV is devoted to our general conclusions.
II. THE NEUTRON-PROTON RPA MODEL
We describe 14 N and 10 B as a core of 12 C in its ground state plus or minus a neutronproton pair respectively and define two-body amplitudes as:
where a,b. . . and α,β,. . . represent configurations where the neutron and the proton are respectively in states unoccupied and occupied in the Hartree Fock ground state of the 12 C core. A + a(α) (A a(α) ) are operators which create (annihilate) a neutron-proton pair coupled to given spin and isospin (for simplicity we omit them in our equations). | 12 C > represents the correlated ground state of the 12 C-core. Note that the Y-amplitudes,named the small RPA amplitudes, would be zero for an uncorrelated core.
The two-nucleon RPA model has been described and used in a number of papers and we remind briefly that:
-the same system of equations determines the amplitudes and energies of 14 N and 10 B which then are not independent. For a given spin and isospin these equations write as:
where the eigenvalues,x a and x α , are related to the amplitudes of eqs. N of them correspond to 14 N with:
and M to 10 B with: amplitudes.
-the amplitudes x a and x α are normalised according to:
-the only inputs of the calculation are the individual neutron and proton energies and the effective two-body interaction.
A. Choice of the single particle basis
We make a semi-phenomenogical approach to the RPA model. We replace the Hartree Fock average potential by a Saxon-Woods potential plus a spin-orbit force plus a phenomenological surface potential fitted to reproduce the experimental single neutron energies in the field of 12 C and write the one neutron hamiltonian as:
where:
with V 0 =-50.5 MeV, a=0.75 fm, R 0 =r 0 (12) 1/3 with r 0 =1.27 fm. The last term δV n is added to simulate medium effects due to the coupling of the neutron with the phonons of the core..
The shape of δV n is suggested by a semi-microscopic calculation of neutron-phonon couplings [7, 10] . This contribution to the average one body potential depends on the neutron state and is written as:
The coefficients α n are fitted on the experimental neutron energies for 1p 3/2 , 1p 1/2 , 2s and 1d 5/2 states and put to zero for higher states. The proton energies are calculated by adding the Coulomb potential to the neutron hamiltonian of eq.(11). In Table I proton energy replaced by the experimental value. However it has no effect on the We have first used a zero range density dependent interaction. The general form of such a force writes as:
With the parameters of Garrido et al. [11] , V 0 =500 MeV.fm 3 , α=0.47 ,η=-0.1 we get much too weak binding. These parameters were fitted so that to reproduce the gap in nuclear matter calculated using the Paris potential, then they do not take account of the medium effects which are expected to be important. Therefore we have proceeded in a different way. We first use a density independent zero range neutron-proton interaction where the strength V 0 is fitted to give the binding energy of deuteron. The calculation leads to a relation between the T=0 and T=1 strengths given by [12] :
where ǫ b is the deuteron binding energy and ǫ c the cut-off on the nucleon energies which in a nucleus should be counted relative to the bottom of the average one-nucleon potential. In our calculations we take for a nucleon in the field of our 12 C-core a cut-off of 10 MeV which is equivalent to ǫ c =60 Mev and corresponds to:
A similar ratio between the strengths of the T=0 and T=1 pairing interactions has been found by Satula and Wyss [13] in their study of even-even nuclei. However a zero range force can be considered only as a simple substitute to a more realistic one, and before introducing medium effects in our calculations we have tested this substitution and made the calculation with the Minnesota free nucleon-nucleon force [5] . This force has one short range repulsive components and two long range attractive ones with all exchange terms and has been fitted on nucleon-nucleon scattering lengths and deuteron binding energy. The results with the two forces show very similar results with the same underestimation of two-body correlations suggesting the necessity to take account of medium effects on the neutron-proton interaction.
Indeed when two nucleons are added to a core their mutual interaction will be modified by the presence of the other nucleons. Strong two-body correlations which manifest themselves as very collective low energy vibrationnal states can induce a modification of the interaction through an exchange of these collective phonons between the pair of nucleons. Such phonon exchange contribution to the two-neutron pairing force have been studied by Barranco et al. [14] and found to be responsible for about half of the gap in the isotopes A Ca, A Ti and A Sn.
In our case the 12 C core has a low 2 + , T=0 state at 4.4 MeV with a very strong collective transition amplitude β 2 =0.6 and a less collective 3 − , T=0 state at 9.6 MeV with β 3 =0.4 [15] . We can expect that these two states will give most of the effect and we include both of them in our calculation.
The diagrams corresponding to the exchange of phonons are represented in Fig.1 for the three types of matrix elements entering in the RPA equations. The diagrams a) -b) concern the matrix elements < a|V |b > while the diagrams c) -d) and e) -f) concern respectively the matrix elements < α|V |a > and < α|V |β > of eqs.(5-6) . The calculation of their contribution to the RPA matrix elements is given in the Appendix when each vertex of the diagrams is replaced by a phenomenological anzats. These matrix elements which have to be added to the bare matrix elements depend on the eigenvalues of the RPA equations which therefore are now nonlinear equations and will be solved by iteration.
Once one has seen the effect of phonon exchanges on the 14 N and 10 B spectra, the last a)
FIG. 1: Diagrams corresponding to a one phonon exchange between neutron-proton pairs appearing in the RPA equations.
step is to look if a phenomenological effective interaction such as the Gogny interaction may be interpreted as a bare interaction corrected by the diagrams of Fig.1 . In the T=0 channel the Gogny interactions, D1 [2] and D1S [3] , have a density dependent component of zero range. As any zero range interaction, it diverges and its fitted strength depends on the cut-off of the single nucleon energies. Since our cut-off for neutrons and protons is quite low (10 MeV) we have used a slightly increased strength, as will be discussed below.
III. RESULTS
Our configuration subspace is restricted to neutron states up to 10 MeV and to the corresponding proton states.
A. 0 + , T=1 states
Previous calculations [1] have shown that the 0 + , T=1 states in the Li, Be and C isotopes are very well described in the two-neutron RPA model with the Gogny forces or their zero range density dependent substitute [4] . 14 N and 10 B are the analogs of 14 C-10 C where the two-neutron pair is replaced by a neutron-proton pair added or substracted from a 12 Ccore. Because of charge invariance of strong interactions the same T=1 effective interactions should be able to describe the two kinds of nuclear systems. The calculation has been performed for 14 N and 10 B and yields to the results reported in Table II Instead we have first made the calculations using the bare density independent zero range neutron-proton interaction with the strength V 0 =682 MeV.fm 3 of eq. (17) and with the Minesota force [5] . The energies of the lowest states referred to the theoretical ground state energy of 12 C as defined in eqs. (7) (8) are given in the table III. We see that the energies are very similar for the two bare interactions but that there is a significant desagreement with experimental energies for both nuclei. The desagreement is still more pronounced for 10 B where the ground state is found as a 1 + state while experimentally it is a 3 + state.
As expected we see clearly that a free neutron-proton interaction is not sufficient to give the binding of two nucleons inside a nucleus. Then we have introduced medium effects due to the exchange of phonons as explained in section II.B and in the Appendix and have
14 N 1 + -11.7 -11.9 -12. We see an improvement for the 14 N excited spectrum as well as for the neutron-proton separation energies. The excitation spectrum of 14 N (see Figure 2) shows now a quite good agreement with the experimental spectrum. Since we take in the definition of our neutron-proton subspace nucleon states up to 10 MeV we have in the higher part of the 14 N spectrum a large number of states but we have given only those called pairing vibrational states which have amplitudes on several neutron-proton configurations. The other levels have a smaller probability to be seen experimentally [19] . For these high energy levels we have not calculated the contribution of phonon exchange. Our code is inefficient when we have several very close eigenstates but we expect the induced matrix elements to be weak because of energy denominators. The contribution of phonon exchange is very important for the low energy states and improves significantly the energy spectrum where now the ground state energy, or equivalently the neutron-proton separation energy, is very good. At about 6 MeV we can reproduce the experimental 1 + -3 + doublet with the right order of levels and energies very close to the experimental ones. The main RPA amplitudes are given in 2 which appears to be too weak as is discussed now. Indeed we compare our matrix elements with those of Warburton and Brown [24] which are determined by least-squares fits to 216 levels in A=10-22 nuclei. They use a (1p,2s,1d) shell model space, compatible with our subspace, at least for the lowest states. In Table V [25] and Navratil and Ormand [9] show that with the same force and the same model it is not possible to get the ground state spin of 10 B . The authors of ref. [9] show that it is correctly obtained only when they include the Tucson-Melbourne three-body interaction.
The necessity to use a three-body force in the description of 10 B is also clear from quantum Monte Carlo shell model calculations of 10 B [27, 28] A genuine three-body force is out of the scoop of the RPA since we work with two nucleons only. However this three-body term could induce an effective two-body contribution which is not included when we use the Minnesota force plus phonon exchange. Intuitively we expect this term to be more important for two 1p 3/2 -nucleons inside the 12 C, therefore for the description of 10 B , where they will interact with a third nucleon off the six other nucleons in the same shell than for the two nucleons added in higher shells to describe 14 N which will have less interaction with a third nucleon inside 12 C. This might explain why our calculations failed in 10 B but are very satisfying in 14 N .
At last we have made the same RPA calculations with the D1 and D1S Gogny forces [2, 3] .
The two forces give the same results and we discuss only those obtained with D1S. In the T=0 channel this force has a zero range density dependent component with a strength t 3 =1390.6
MeV.fm 3 . Any zero range interaction is divergent and the fitted strength depends on the cutoff on single-particle energies. with an excitation energy in agreement with the experimental value and with shell model calculations of ref [9] . Therefore according to our previous discussion on shell model results we may conclude that, through its density dependent term, the Gogny interaction includes implicitly an effective two-body contribution coming from three-body forces.However the neutron-proton separation energy in 12 C given as the difference between the ground state energies in 10 B and 12 C is too high by 0.8 MeV but a still larger overestimation is observed in the shell model calculations (see their tables V and VII). Note that if we use the calculated energy for a 1p 3/2 proton (see Table 1 ) instead of the experimental energy this discrepancy is strongly reduced.
IV. CONCLUSIONS
In the framework of a two-particle RPA model applied to the description of The matrix elements of the induced interaction of Figure I are calculated between two neutron-proton pairs coupled to spin J,M and isospin T=0.
Each vertex in the diagrams is replaced by a phenomenological expression. Let's call L,M L the angular momentum of the phonon, the transition density from a zero-phonon state to the one-phonon state is written as:
where U(r) is the average one-body potential assumed to be a Saxon-potential such as:
where the function f(r) and the values of the parameters are given in section II. The collective amplitudes, β L , can be fitted on the experimental values of the B(EL) or on proton inelastic scattering cross sections.
The two-nucleon wave function is constructed by coupling the two-nucleon states to a total spin (JM) as:
where the nucleons 1 and 2 are either in occupied states, α 1 α 2 , or unoccupied states, a 1 a 2 with energies ǫ α 1 , ǫ α 2 or ǫ a 1 ǫ a 2 respectively. The total wave function has to be antisymmetric so that for T=0 states the spin-space wave function has to be symmetric. Therefore the general expression for the antisymmetrised matrix element of the induced interaction, V ind , is obtained as:
with: 
If (12)=(a 1 a 2 ), (34)=(α 1 α 2 ) or the inverse (diagrams c) and d)):
It is straightforward to show that:
< a 1 a 2 |V ind |α 1 α 2 >=< α 1 α 2 |V ind |a 1 a 2 > (A11)
If (12)=(α 1 α 2 ), (34)=(α 3 α 4 ) (diagrams e) and f)):
In these equations Ω is the eigenvalue of the RPA eqs.(5-6) and ω L is the energy of the phonon L. When we add these phonon exchange contributions to the bare matrix elements, the RPA equations become non-linear and will be solved by iteration.
Note that the approximation of eq. (18) implies that one can defined an equivalent twobody term which has to be added to the bare neutron-proton interaction which is the sum of separable terms of the following form:
